Here we present high spatial resolution (<1 arcsecond) observations of molecular emission in Orion-KL conducted using the Combined Array for Research in Millimeter-Wave Astronomy (CARMA). This work was motivated by recent millimeter continuum imaging studies of this region conducted at a similarly high spatial resolution, which revealed that the bulk of the emission arises from numerous compact sources, rather than the larger-scale extended structures typically associated with the Orion Hot Core and Compact Ridge. Given that the spatial extent of molecular emission greatly affects the determination of molecular abundances, it is important to determine the true spatial scale for complex molecules in this region. Additionally, it has recently been suggested that the relative spatial distributions of complex molecules in a source might give insight into the chemical mechanisms that drive complex chemistry in star-forming regions. In order to begin to address these issues, this study seeks to determine the spatial distributions of ethyl cyanide [ We find that for all observed molecules, the molecular emission arises from multiple components of the cloud that include a range of spatial scales and physical conditions. Here we present the results of these observations and discuss the implications for studies of complex molecules in star-forming regions.
Introduction
The Orion-KL region is a high-mass star-forming region that has been extensively studied because of its rich chemical inventory. A literature search reveals that over 50 microwave, millimeter, and submillimeter spectral line surveys have been reported for this source. Previous molecular observations of Orion-KL have involved both spectral line surveys to determine the source composition, and imaging studies to explore the relative distributions of molecules in this complicated region. Imaging studies of molecular emission have indicated that the chemistry of Orion-KL displays so-called nitrogen-oxygen "chemical differentiation," with the emission from nitrogen-bearing molecules such as methyl cyanide [CH 3 CN] and ethyl cyanide [C 2 H 5 CN] tracing the Orion Hot Core, and emission from oxygen-bearing molecules such as methyl formate [HCOOCH 3 ] and dimethyl ether [(CH 3 ) 2 O] tracing the Orion Compact Ridge. The concept of nitrogen-oxygen chemical differentiation is based on the positions of the emissions peaks for these two classes of molecules being spatially-separated. In the case of the Orion-KL source, this concept dates back to the the first reported millimeter line survey (Blake et al. 1987) , where the spectral lines from these two classes of molecules were found to have different rest velocities and were therefore assumed to occupy different parcels of gas. The follow-up imaging studies that ranged over the last two decades confirmed this differentiation through imaging of molecular emission at >1 arcsecond spatial resolution. The concept of spatially distinct regions containing N-bearing and O-bearing molecules in Orion-KL was first called into question by Friedel & Snyder (2008) , who showed that the acetone molecule [(CH 3 ) 2 CO] traces the gas at the intersection of the regions shown to contain spatially-distinct N-bearing and O-bearing molecules. Furthermore, a recent λ=3 mm continuum imaging study at subarcsecond spatial resolution shows that Orion-KL is comprised of numerous, compact, bright continuum sources (Friedel & Widicus Weaver 2011) . The results of this study suggest that much of the molecular emission may actually trace these compact regions, rather than the more extended structures traditionally associated with the Hot Core and Compact Ridge (Friedel & Widicus Weaver 2011) .
Observational studies reporting molecular column densities and/or abundances in Orion-KL generally rely upon a set of assumptions regarding the molecular emission in this region. These assumptions are based on the previous imaging studies of molecular emission in this source, and include: 1. Oxygen-bearing molecules are located in the Compact Ridge, while nitrogen-bearing molecules are located in the Hot Core; 2. The emission regions are approximately spherical and ∼5 ′′ in diameter for both sources; 3. Molecules from these sources have rotational temperatures in the 150 -200 K range. If these assumptions are not valid at higher spatial resolutions, this would have significant implications for chemical modeling of star-forming regions. Current state-of-the-art models assume that all of the molecules are co-spatial (Garrod, Widicus Weaver, & Herbst 2008; Laas et al. 2011) . Furthermore, molecular abundances and temperatures are commonly used as benchmarks for comparison between model results and observations. Determination of molecular abundances in Orion-KL relies upon an accurate source structure model for each molecule so that appropriate beam dilution corrections can be applied. In addition to these important considerations, it has also recently been suggested that chemical imaging of interstellar sources can be used to probe the chemical mechanisms at work in these environments (Neill et al. 2011) . If various classes of complex molecules are shown to occupy different parcels of gas, hydrodynamic models will be required to explain this chemical differentiation and the underlying chemistry and physics that drives such a separation. High-resolution imaging studies of the molecular distributions in sources like Orion-KL are therefore crucial for the advancement of chemical models of hot cores. . We present here the spatial distributions and scales of the observed molecules and discuss the implications of these results in terms of the chemistry of the Orion-KL region. Additional information pertaining to the kinematics of Orion-KL based on these molecular observations are presented in a follow-up study (Friedel & Widicus Weaver 2012, submitted;  hereafter, Paper II).
Observations
CARMA was used in its B, D, and A configurations to conduct observations in 2007 December, 2008 July, and 2009 January, respectively. Two 7 hour tracks were taken in B configuration, one 6 hour track was taken in D configuration, and four 5-6 hour tracks in A configuration. The phase center for all observations was α(J2000) = 05 h 35 m 14 s .35 and δ(J2000) = −05
• 22 ′ 35 ′′ .0. The synthesized beam sizes are ∼ 5.9 ′′ × 4.8 ′′ for the D configuration, ∼ 1.1 ′′ × 0.9 ′′ for the B configuration, and ∼ 0.4 × 0.35 ′′ for the A configuration. One arcsecond is ∼414 AU at the distance of Orion-KL. The projected baselines of the observations are 3.0-35.3 kλ (10-118 m, D configuration), 21.8-257.5 kλ (73-860 m, B configuration), and 38.0-467.2 kλ (127-1560 m, A configuration). Structures larger than ∼30 arcseconds are resolved out for observations with this range of u − v coverage.
The correlator setup for the observations in the B and D configurations included six 31 MHz wide windows for observations of continuum and spectral lines (three in each sideband), with 63 channels per window, yielding a channel spacing of 488 kHz (∼1.4 km s −1 ). The flux density was calibrated using observations of Uranus and Mars, and the antenna-based gains were calibrated using observations of 0541-056. For two of the A configuration tracks, the correlator setup included four 31 MHz wide windows and two 500 MHz wide windows (three windows in each sideband). A third A configuration track was conducted with four 31 MHz windows and eight 500 MHz windows, and the fourth track with eight 31 MHz windows and four 62 MHz windows. Self-calibration on the SiO maser at 86.243 GHz was used to perform the antenna-based gain calibration for the A configuration tracks, with the solution being bootstrapped to the other windows. Observations of 0607-085 were used to determine and remove phase offsets between the other windows and the SiO window. The high spatial resolution in the A configuration observations led to the flux calibrators being heavily resolved; comparison to previously measured fluxes of 0607-085 allowed amplitude gains to be calculated for these A configuration observations, and the resultant amplitudes are accurate to within ∼20%. The passband of the 31 MHz windows was corrected using the internal noise source. The passbands of the 62 MHz and 500 MHz windows were corrected using observations of 0423-013. All calibration, continuum subtraction, and imaging was performed using the MIRIAD software package (Sault et al. 1995) .
Results and Discussion
The transitions targeted in these observations are listed in Table 1 . This table includes the rest frequencies, quantum numbers, symmetry label, upper state energy, and linestrength information for each transition. This table also includes information pertaining to the details of the observations, including beam size, RMS noise level, and array configuration for each observation. Note that in many cases, lines arising from several of the transitions are blended. Rotational temperatures cannot be reliably determined from such a small number of lines. Therefore, the relative contributions of each transition to the overall flux of any given blended line also cannot be determined from this information. The transitions listed in the lower section of the table (below the line) were detected in single channels of the wideband windows of the A configuration observations. While no velocity information can be determined for these transitions, they can be mapped to give spatial information. b These CH 3 CN 1 ν 8 transitions are blended at our spectral resolution.
c These C 2 H 3 CN transitions are blended at our spectral resolution.
References. -(1) Brauer et al. (2009) ; (2) Oesterling et al. (1999) ; (3) Groner et al. (1998) ; (4) Groner et al. (2002) ; (5) Pickett et al. (1998) ; (6) Lovas (2004); (7) Xu & Lovas (1997) ; (8) Boucher et al. (1980) ; (9) Kisiel et al. (2009) The spectral line and imaging results for the observations are presented in Sections 3.1.1 -3.1.6 below. A description of continuum sources in the region was given in Friedel & Widicus Weaver (2011) , and many of the figures presented here reference sources labeled in Figure 2 of that work. In addition, for the spectral line observations, a comparison of the flux observed in B (∼ 1 ′′ resolution) and D (∼ 5 ′′ resolution) configurations was required to determine whether any flux was resolved out in the higher spatial resolution observations. To compute the B configuration flux for each source, the positive data were convolved with a Gaussian beam of the same size as the D configuration data, using the MIRIAD task CONVOL. These results are summarized in Table 2 below. We present below an overview of the spectral line and imaging results for each molecule targeted in these observations. The kinematics of the region will be discussed in Paper II (Friedel and Widicus Weaver, submitted) .
Individual Molecular Results

SiO
We observed lines of SiO because it is an excellent shock tracer and thus a good indicator of some of the physical conditions of the region. Emission from the J = 2 − 1 transition of SiO is shown in Figure 1 . Each panel shows a different velocity slice (from -10.4 to 19.9 km s −1 ) with the velocity labeled in the upper left corner. Figure 2 shows a map of all of the SiO channels averaged together, along with spectra corresponding to different spatial locations in the source. The letters on the map denote which spectra match each physical location. From the double-lobed appearance of the emission, SiO seems to trace an outflow (see Plambeck et al. (2009) for a more detailed description of the outflow). This distribution is similar to the velocity integrated map presented by Blake et al. (1996) of a higher energy transition of SiO. This outflow appears to be nearly in the plane of the sky since there is little velocity offset between the red-and blue-shifted lobes (less than a few km s −1 ) when compared to the velocity dispersion within each lobe (>20 km s −1 ). These results suggest that the SiO emission comes from a cone of emission rather than a solid outflow, indicated by the double-peaked spectra seen in both lobes (e.g. panels (e) and (h) from Figure 2 ). This is also supported by observations of CH 3 CN, which shows a cavity in the emission matching the location of the central part of the cone (Wang et al. 2010 ).
The outflow is asymmetric, with the spectral lines associated with the northeast lobe having velocities between -7.0 and 14.9 km s −1 , and lines associated the southwest lobe having velocities between -0.3 and 11.5 km s −1 . The asymmetry may come from the fact that the southwest lobe is interacting with a larger amount of ambient material that is hindering its expansion. This will be investigated in more detail in Paper II. There is also a third spectral peak visible in the northeast lobe at -0.3 km s −1 . The origin of this feature is not known at this time. The center of the outflow is Source I, and the position angle of the outflow is roughly perpendicular to the SiO maser disk reported by Wright et al. (1995) . Wright et al. (1995) also noted that, given the brightness temperature, the ground state SiO emission appears to be weakly masing. These observations agree with this conclusion, as the peak brightness temperatures are in excess of 6000 K. 
Methyl Formate [HCOOCH
Observations of methyl formate [HCOOCH 3 ] and dimethyl ether [(CH 3 ) 2 O] reveal that these two molecules are co-spatial on all spatial scales. This is in agreement with the lower spatial resolution results presented by Neill et al. (2011) . The discussion here will focus on HCOOCH 3 , but all conclusions also apply to (CH 3 ) 2 O. Methyl formate emission has traditionally been associated with the Compact Ridge, where it was thought to be ablated off of grain surfaces by an outflow from the Hot Core (Blake et al. 1987; Liu et al. 2002) . More recently, Friedel & Snyder (2008) suggested that the main HCOOCH 3 emission may arise from other more compact sources, rather than the Compact Ridge. Figure 3 shows the B and D configuration results, with HCOOCH 3 contours overlaid on the associated highresolution continuum image (in gray scale). No HCOOCH 3 emission was detected above the 3σ (50.4 mJy/beam) threshold in the A configuration observations, suggesting that this molecule is extended compared to the small A configuration beam.
The peaks of the HCOOCH 3 flux observed in both the high-and low-resolution images are located in approximately the same position. One exception is the peak observed in the D configuration image, located to the southeast of the main emission peak. This flux is completely resolved out by the higher-resolution observations, indicating that it is extended (≥4.2 ′′ >1700 AU). Table 2 lists the peak flux measured for each molecule at the positions of the main compact sources. In the case of IRc5, it appears that 50% of the flux is being resolved out by the high-resolution observations, indicating that this emission is coming from a region at least 4.5 ′′ in size. However, for IRc6 it appears that no flux is being resolved out. Based on the non-detection of HCOOCH 3 in the A configuration observations presented here, it appears that the main HCOOCH 3 emission arises from regions that are at least 2.4 ′′ (1000 AU) in size. Figure 4 shows the combined moment map of the B configuration HCOOCH 3 data overlaid on a 2 µm continuum, highlighting three main regions of compact emission. The first region is between IRc6 and IRc20, with emission peaks having different velocities near each source (see Figure 3) . The second region of HCOOCH 3 emission is a double-lobed feature centered on star k. The third region of HCOOCH 3 emission is located very near star p and extends toward SMA1. None of these regions are associated with the nominal position of the Compact Ridge. Figure 5 shows all B and D configuration HCOOCH 3 data inverted together with natural weighting. Each panel is labeled with the corresponding v LSR and the synthesized beam is in the lower left corner of panel (e). These maps illustrate the full distribution of HCOOCH 3 . Methyl formate is detectable from 1.9 km s −1 to 11.75 km s −1 , with the three aforementioned peaks, and the extended structure toward the southeast. Blake et al. (1996) and Their data also indicate a weak HCOOCH 3 extension toward the hot core, however due to more sparse u-v sampling, higher noise, and velocity averaging, many of the details of the emission features are not clearly detected. It is interesting to note that the bulk of the emission between the three transitions are very similar, even though there is a factor of ∼5-15 difference in E u and ∼2.5-3 difference in Sµ 2 .
-14 - (Friedel & Widicus Weaver 2011) .. The map is an average moment map of both peak velocity channels and the contours are ±3σ, ±5σ, ±7σ, ...; σ = 37.5 mJy/beam. The plus signs denote the following sources (from E to W: Source I, hot core, SMA1, Source n, IRc7, compact ridge, IRc4, IRc5, IRc6, BN, and IRc3. CN] reveal that these molecules are co-spatial at all observed spatial resolutions. The discussion here will focus on C 2 H 5 CN, but all conclusions also apply to CH 3 CN and C 2 H 3 CN. Traditionally, C 2 H 5 CN has been associated with the Hot Core region (Blake et al. 1987 ). Friedel & Snyder (2008) suggested that the C 2 H 5 CN emission comes from multiple sources in and near the Hot Core and IRc7. Figures 6, 7, and 8 show the CARMA D, B, and A configuration results, respectively. The labels on each map denote which spectrum is associated with which location. The spectra from the B and D configurations observations show that there are multiple velocity components at several of the emission peaks. However, these multiple components are not clearly seen in the A configuration results. Comparison of the flux between the B and D configuration observations (see Table 2 ) shows that, within the 20% calibration uncertainties, no flux is resolved out by the smaller B configuration synthesized beam. However, only a small fraction of the total flux is detected by the subarcsecond A configuration beam. This indicates that while the C 2 H 5 CN emission is compact (200-300 AU), most of the gas is on the scale of a few arcseconds (1000-1700 AU). Figure 9 shows the B configuration C 2 H 5 CN results from several velocities overlaid on the 2 µm grayscale continuum. In Figure 9a , the contours are centered very close to star n. NH 3 emission has also been detected toward this source at a similar rest velocity (∼-4 km s −1 ) by Migenes et al. (1989) . This indicates that the region has a high density, and it is possible that there is a dust shell or torus surrounding the star (Simpson et al. 2006; Migenes et al. 1989; Greenhill et al. 2004) . Figure 9b shows several strong concentrations of C 2 H 5 CN emission, the strongest of which is the peak to the east of the Hot Core and SMA1. Also of note are the peaks near IRc7/4 and CB4, which are the only areas where C 2 H 5 CN is detected in the A configuration. Figure 9c shows the two peaks reported by Friedel & Snyder (2008) at a similar v LSR (∼11 km s −1 ). These unusual peaks have now been observed in multiple data sets and for multiple transitions of C 2 H 5 CN, so it is quite likely that they are real emission features and not a side-product of the data reduction process. It should be noted that the feature observed near IRc3/6/20 is coincident with peaks of HCOOCH 3 and (CH 3 ) 2 O and occurs at a similar rest velocity. Figure 10 shows all A, B, and D configuration C 2 H 5 CN data inverted together with natural weighting. Each panel is labeled with the corresponding v LSR and the synthesized beam is in the lower left corner of panel (q). These maps show that the full distribution of C 2 H 5 CN. C 2 H 5 CN is detectable from -12.8 km s −1 to 18.4 km s −1 , which is a much larger velocity spread than suggested by the traditional Hot Core models (e.g. Blake et al. 1987) . Of particular note are the negative velocity maps, as these velocities have traditionally been associated with the Extended Ridge (a much larger structure that is resolved out by these observations), and not compact structures (e.g Blake et al. 1987) . Additionally, the peaks at 10-14 km s −1 show that there are two additional C 2 H 5 CN concentrations, one near the Hot Core-SW and the other near IRc6. Similarly to the HCOOCH 3 observations, Blake et al. (1996) and Beuther et al. (2005) also observed higher energy C 2 H 5 CN transitions. The maps presented in their papers have similar intensity peak positions, but much of the finer detail shown here is not seen. This may be due to the more complete u-v sampling and lower noise level of the current observations, and/or an actual difference in the distribution of the different transitions, as the higher energy transitions preivously are ∼4-12 times higher in E u and ∼3-4.8 times higher in Sµ 2 .
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Acetone [(CH 3 ) 2 CO]
Friedel & Snyder (2008) found that (CH 3 ) 2 CO was only present in regions where both large N-bearing molecules (e.g. C 2 H 5 CN) and large O-bearing molecules (e.g. (CH 3 ) 2 O) appeared to be co-spatial. Figure 11 shows the (CH 3 ) 2 CO emission from the Orion-KL region as observed in the B and D configurations. Note that in addition to the (CH 3 ) 2 CO emission peak in the region where C 2 H 5 CN and (CH 3 ) 2 O are co-spatial, there is another region of emission near IRc6 that is seen in the D configuration map (spectrum h).
Comparing the flux between the high-and low-resolution observations (see Table 2 ) shows that, within the 20% calibration uncertainties, no flux is resolved out by the smaller B configuration synthesized beam
1 . This indicates that all of the (CH 3 ) 2 CO flux from IRc7 and the Hot Core regions is compact. The emission from the IRc6 region is only detected by the larger D configuration synthesized beam. Therefore, the emission in this location is either too extended or too weak to be detected with the smaller beam. Since other molecules [(CH 3 ) 2 O, HCOOCH 3 , and C 2 H 5 CN] have been detected toward this region at high resolution, it is more likely that the (CH 3 ) 2 CO emission is too weak to be detected above the 3σ noise cutoff (87.3 mJy/beam). Figure 12 shows (CH 3 ) 2 CO emission at v LSR = 5.56 km s −1 from the B configuration observations overlaid on the 2 µm continuum gray scale. The two previously identified regions of acetone are weakly detected near SMA1 and IRc7. Figure 13 shows all B and D configuration data inverted together with natural weighting. Each panel has the v LSR labeled in the center top and the synthesized beam is in the lower left corner of panel (d). These maps show that the full distribution of (CH 3 ) 2 CO. (CH 3 ) 2 CO is detectable from 2.4 km s −1 to 8.7 km s −1 , the narrowest velocity range of the species studied in this work. The synthesized beam for these maps is notably larger than that of the C 2 H 5 CN and HCOOCH 3 maps, thus much of the fine structure is not seen. 
Formic Acid [HCOOH] and Acetaldehyde [CH 3 CHO]
HCOOH, originally detected in this region by Liu et al. (2002) , was included in the B configuration observations, but was not detected above the 3-σ cutoff (144 mJy/beam). It was detected in the D configuration observations, 2 and the resulting detection is shown in Figure 14 . There are two main peaks of emission for HCOOH: one near the Compact Ridge that had been previously identified, and one near IRc6 at the traditional v LSR for the Compact Ridge (∼8 km s −1 ) that has not been previously observed. There is also another previously unknown peak, with a wide line profile, at a v LSR of ∼5 km s −1 near star n. This velocity has traditionally been associated with N-bearing species toward the Hot Core. The non-detection in the B configuration observations indicates that there are no compact concentrations of HCOOH in the region, but rather that the vast majority of its emission is extended (in regions of at least 4.2 ′′ >1700 AU). Figure 15 shows HCOOH emission from the D configuration overlaid on the 2 µm gray scale. Figure 16 shows a comparison of the HCOOH and HCOOCH 3 results from the CARMA B and D configurations. These maps show that the large scale emission from both species arises from roughly the same regions, while the small scale HCOOCH 3 emission is concentrated in a few small peaks at the edge of the large scale HCOOH emission.
CH 3 CHO was only included in the B configuration observations, and it was not detected. Similarly to HCOOH, it is expected to have a more widespread distribution, since it has been detected only in single dish surveys (e.g. Turner 1989) . CH 3 CHO is therefore likely resolved out by the small beam sizes used for these observations. and 5.00 km s −1 . Contours are ±3σ, ±5σ, ±7σ, ...; σ = 24.9 mJy/beam. The spectra from these maps are shown in panels (c) -(e), with the letters on the map denoting the location of the spectra. The gray scale is the 3 mm continuum. 
Methanol [CH 3 OH]
CH 3 OH emission from the A configuration observations is shown in Figure 17 , with the emission from several velocities overlaid on the gray scale continuum. The emission at 12.3 km s −1 arises from the same regions as emission from C 2 H 5 CN and at a similar v LSR . All of the emission peaks seen in these maps have little association with the continuum and may be arising from areas with a low dust density. (d) and (e), with the letters on the map denoting the location of the spectra. The "I" bars denote the rms noise level.
Comparison of Complex Organic Molecular Species
A comparison between the complex molecules observed is a useful method for interpretation of the results in terms of the implications for chemical models. Figure 18 shows overlayed maps of C 2 H 5 CN, HCOOCH 3 , and (CH 3 ) 2 CO, all created with natural weighting. The velocity for each panel is in the center top and the synthesized beams are in the lower left of panel (e). The green contours are C 2 H 5 CN, with levels of ±3σ, ±8σ, ±13σ, ... (σ = 12.6 mJy/beam), the red contours are HCOOCH 3 , with the levels being the same as for C 2 H 5 CN, and the blue contours are (CH 3 ) 2 CO, with levels of ±3σ, ±6σ, ±9σ, ... (σ = 20.6 mJy/beam). Panel (h) gives the location of the most notable sources in the region; see Friedel & Widicus Weaver (2011) for a more detailed description of these sources (those with number labels are IRc sources).
These maps enable direct comparison of the distributions of these molecules at several velocities. While the HCOOCH 3 emission is narrower in velocity space, at every velocity were HCOOCH 3 is detected, the bulk of the HCOOCH 3 and C 2 H 5 CN emission is co-spatial. Although the emission peaks for these molecules occur at different positions, the overall emission regions are not spatially distinct as was suggested by lower spatial resolution observations. The exception to this trend is the weakly emitting, and extended, HCOOCH 3 region to the south and southeast. Interestingly, the (CH 3 ) 2 CO emission traces the area of greatest overlap between HCOOCH 3 and C 2 H 5 CN possibly indicating a link between (CH 3 ) 2 CO formation and the presence of these other two species.
It is apparent from these observations that the spatial distribution of complex organic molecules in the Orion-KL region is much more complicated than has previously been considered. Although the emission peaks arising from different molecules in Orion-KL are in some cases spatially distinct, the bulk of the emission arises from areas with spatial overlap between the molecules. Additionally, the molecular emission is not necessarily centered on either the Hot Core or Compact Ridge sources. These observations confirm that nitrogen/oxygen "chemical differentiation" in its strictest definition -i.e. where these two classes of molecules display spatially-distinct emissions peaks -is verified. However, previous conclusions drawn about the chemistry of this region based on the assumption that these two classes of molecules arise from spatially-distinct parcels of gas are not accurate.
The distribution of several molecules (e.g. (CH 3 ) 2 O and HCOOCH 3 ) also show compact emission peaks near known stars, indicating that these species are either being liberated from grain surfaces or produced in the gas phase in the warmer gas around embedded stars. Furthermore, much of the emission attributed to the Compact Ridge has been shown, through these higher spatial resolution observations, to actually arise from nearby compact sources rather than from the more extended Compact Ridge feature identified in lower-resolution 
images.
As was stated above, the routine assumptions made when conducting molecular observations toward the Orion-KL region are: 1. Oxygen-bearing molecules are located in the Compact Ridge, while nitrogen-bearing molecules are located in the Hot Core; 2. The emission regions are approximately spherical and ∼5 ′′ in diameter for both sources; 3. Molecules from these sources have rotational temperatures in the 150 -200 K range. In light of the results reported here, this view of the distribution of complex organic molecules in Orion-KL is in serious need of revision, as are the molecular abundances derived from these assumptions. Given that most of the molecules studied here display emission in many compact and spatially-distinct clumps scattered throughout the Orion-KL region, it is likely that each of these compact regions has its own distinct physical environment, spatial distribution, and chemical network. However, interactions between these regions may in fact be driving new chemistry, as is illustrated by the comparison of the acetone distribution to those of methyl formate and ethyl cyanide. We conclude from these results that it is no longer valid to assume all of these molecules are forming under the same chemical and physical conditions, nor is it valid to impose a simplistic model of "chemical differentiation" for N-bearing and O-bearing molecules in this source. Based on these results, it is clear that chemical models should be developed that include hydrodynamic simulations so that a more realistic picture of the chemistry of star-forming regions can be developed. Likewise, new models that properly determine the corrections for complicated spatial distributions must be developed so that molecular abundances can be adjusted to account for the observed spatial distributions. Given that this study only included a small sample of the total chemical inventory of the Orion-KL region, additional observational studies that provide high-resolution spatial images of many different molecules are also merited.
Conclusion
We have presented CARMA observations of several molecular species, including ethyl cyanide, methyl formate, acetone, and formic acid, toward Orion-KL. These observations cover over an order of magnitude in spatial resolution, yielding excellent sensitivity to both small-and large-scale structures. From these results, we conclude that the traditional view of Orion-KL -that of a nitrogen-oxygen "chemically differentiated" region -is not valid for interpretation of high spatial resolution observations. The emission from nitrogen bearing and oxygen bearing species arise not only from the Hot Core and Compact Ridge, but from multiple components of the cloud that include a wide range of spatial scales and physical conditions. Most importantly, while the emission peaks for nitrogen-or oxygen-bearing species are spatially distinct, in the majority of the emission regions these molecules are co-spatial. Additionally, several of the oxygen bearing molecules (HCOOCH 3 , (CH 3 ) 2 CO, HCOOH, & CH 3 OH) do not have similar distributions or peak positions. Thus, the traditional view of Orion-KL and other sources that are thought to display nitrogen-oxygen "chemical differentiation" should be revised. Further observations of other molecular species are needed to develop a more complete chemical understanding of this source.
This study also has long-term implications for the field of astrochemistry, as it calls into question the traditional approach used when searching for new molecules. While single-dish observations are powerful, the results presented here show that such observations must be combined with interferometric studies that probe the molecular spatial distribution. Only these combined observational techniques will provide the information required for accurate determination of molecular abundances. Furthermore, unbiased spectral line surveys are preferable over targeted searches, as such surveys will reveal the potentially diverse chemical composition of a source rather than targeting specific types of chemistry. The powerful combination of spectral line surveys with interferometric observations is the next step in unraveling the mysteries of complex chemistry in star-forming regions. Such studies are rapidly becoming possible using the next generation of correlator technology that will soon become available at the CARMA observatory, as well as those being implemented at the Extended Very Large Array (EVLA) and the Atacama Large Millimeter Array (ALMA).
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